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Using surface electromyography to objectively determine the amount of 
distraction needed when performing flexion-distraction therapy  
 
ABSTRACT 
 
Purpose: The study was based around putting an objective reading to the amount of 
distal distraction needed prior to flexion when using flexion-distraction manual therapy. 
  
Method: One hundred participants were divided into two groups. One group consisted 
of 50 asymptomatic participants and the other group of 50 symptomatic participants 
for lower back pain. Each participant underwent a once off examination and flexion 
distraction treatment.  
 
Procedure: Once off measurements were recorded for each participant. A case 
history, full physical examination and region examination of the lumbar spine were 
conducted prior to any measurements.  Surface EMG values were recorded at rest 
and at the end point of distraction. The amount of distraction between the lumbar and 
thoracic sections of the table at the end point of distraction were recorded. 
 
Results: Mean distraction between groups shows to have no difference with a mean 
of 19,76 mm for the asymptomatic participants and a mean of 19,82 mm for the 
symptomatic participants. Intragroup analysis of the distraction distance showed no 
statistical difference between genders in both the symptomatic and asymptomatic 
groups. Further intragroup analysis showed no statistical difference for distraction 
distance between acute and chronic pain characters. 
 
Conclusion: In the light of these findings it can be concluded that the optimum 
therapeutic distance a flexion-distraction bed should be distracted is 19 mm prior to 
flexion. This can be applied to both asymptomatic and symptomatic patients. 
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Introduction 
 
The importance of administrating flexion-distraction correctly as a therapeutic modality 
for the most beneficial outcome cannot be overlooked. Improper administration of the 
therapy can not only fail to produce the desired results but can also increase 
symptomatology. With flexion distraction therapy now being used by 63,7% of 
chiropractors (National Board of Chiropractic Examiners, 2015), it is important that it 
is used in a manner that is most beneficial for the patient’s outcome. However, there 
is a lack of research as to how much distraction should be applied prior to flexion.  
 
Cox and Gudavalli identified the maximal angle of flexion that should be applied 
(Gudavalli & Cox, 1998). Cox then undertook a study to determine the therapeutic 
range of flexion that should be applied during the procedure (Cox, 2011).  
 
Gudavalli then identified the role that musculature plays during flexion distraction by 
using surface electromyography (Gudavalli, Backman & Jedlicka, 1999). Muscles that 
are passively lengthened under go a stretch reflex contract. This contraction energy is 
captured and recorded by the surface electromyography. Gudavalli found if muscle 
was stretched to a point where the reading was one to five times the amount when the 
muscle is at rest, the muscle was said to have stretched therapeutically.  
 
Materials and Methods 
 
Selection Criteria 
 
Participants were recruited using purposive and snowball sampling techniques. They 
were informed of the study by means of word of mouth and advertisements placed in 
the chiropractic clinic at the University of Johannesburg Doornfontein Campus.  
All participants were thoughrly examined brfre acceptance into the study to ensure 
that they met all requirements and complied with the inclusion and exclusion criteria.  
 
Inclusion Criteria 
 
 Participants must be older than 18 years as they are able to give consent (South 
African Med J, 2010), and younger than 45 years. After the age of 50 years 
degeneration of the musculoskeletal system begins, and may pose a possible 
change in expected normal biomechanics (Battie, et al., 2005). 
 Male or female participants were included in the study. 
 Participants in the asymptomatic group must have been pain free and had no 
major spinal injuries in the last six months prior to the trials.  
 Participants in the symptomatic group had to present with pain and at least one 
additional clinical feature associated with joint dysfunction (Peterson & 
Bergmann, 2011). 
o Local pain that commonly changes with activity 
o Local tissue hypersensitivity 
o Abnormal joint motion 
o Abnormal or painful joint play 
o Abnormal or painful end-feel resistance 
o Altered alignment  
o Local palpatory muscle hypertonicity  
 
Exclusion Criteria 
 
The following criteria excluded a participant from partaking in the study: 
 Participants who demonstrated any contra-indications to the application of 
flexion-distraction therapy (Appendix D). 
 Participants with excessive hair over the lumbar area and were unwilling to 
shave the treatment area, as it would have interfered with sEMG readings 
(Lehman, 2002).  
 Participants who had a history of peripheral neuropathy or any radiculopathy to 
the lower limbs.  
 Participants who used analgesics, anti-inflammatories or muscle relaxant drugs 
prior to the trials. 
 Participants who received any other form of treatment that may have interfered 
with the results of the study such as lumbar spine adjustments 
 
Methodology 
 
Participants in both groups were required for one visit. Once the study was fully 
explained to the participant and both information and consent forms signed, the 
consultation began with a patient case history, a full physical and a lumbar spine and 
pelvis regional examination.  
 
Participants were positioned prone on the Elite flexion distraction table with their 
anterior superior iliac spine at the base of the thoracic segment. An alcohol pad was 
rubbed over the electrode site prior to electrode placement (Criswell, 2011). A bipolar 
electrode was placed over the lumbar paraspinals bilaterally at the L3 vertebral level. 
 
The participant’s lower back was then tested for tolerance to manual traction, 
specifically with patients in the symptomatic group. Ankle straps at the caudal end of 
the table were then applied to increase the traction efficiency of the lumbar spine. The 
distance between the thoracic and lumbar spine segments of the table was measured 
(neural point). The lumbar segment of the table was then distracted distally in small 
increments by tapping on the foot-peddle of the table. This induced a stretch in the 
lumbar paraspinal musculature. The treatment table was then flexed to 11°. A digital 
inclinometer indicated the amount of flexion performed. The procedure process was 
repeated with increasing amounts of distraction. 
 
Surface EMG values were recorded at rest and then monitored during the above 
treatment procedure. Once the sEMG microvolt value reached one to five times the 
resting sEMG value (therapeutic sEMG value) or the value no longer increased within 
the therapeutic range, the procedure of increasing the distraction was stopped. The 
amount of distraction distance between the lumbar and thoracic sections of the table 
was then recorded. 
 
 
 
 
 
 
Results 
 
Demographic data 
 
The demographic data analysed consists of gender distribution between two groups. 
Group 1 had 15 males (30%) and 35 females (70%). Group 2 had 17 males (34%) and 
33 females (66%). The study consisted of a total of 100 participants. A Chi- Square 
Test was used to compare the gender distribution between the two groups. There is 
no association between gender and group with a p-value of 0.66 i.e the gender and 
group are independent with no statistical difference and can therefore be compared. 
 
Intergroup statistics shows the mean age to be 24 years old. Levene’s test for equality 
of variances demonstrated a p-value of 0.22, therefore, equal variances can be 
assumed between age and groups. A t-test for equality of means has a p-value of 0.72 
indicating that there is no difference in mean age by group and can therefore be 
compared. 
 
Objective data 
 
Intergroup analysis 
 
Statistics depicted for the mean sEMG value at rest for the asymptomatic group is 2.27 
μV. The symptomatic group has a mean sEMG value of 1.5 μV. Levene’s test for 
equality of variances demonstrates a p-value of 0.03, therefore equal variances cannot 
be assumed between resting sEMG and groups. A t-test for equality of means has a 
p-value of 0.24 indicating that there is no statistical difference between mean resting 
sEMG and the two groups. 
 
Intergroup statistics of the therapeutic mean sEMG value for the asymptomatic group 
is 5.42 μV and the symptomatic group of 4.28 μV. Equality of variances demonstrates 
a p-value of 0.03, therefore equal variances cannot be assumed between therapeutic 
sEMG and the two groups. A t-test for equality of means has a p-value of 0.15 
indicating that there is no statistical difference between mean therapeutic sEMG and 
both symptomatic and asymptomatic groups. 
 
Intergroup analysis of the mean amount of final distraction for the asymptomatic group 
is 19.76 millimetres. The symptomatic group has a mean distraction distance of 19.82 
millimetres. Levene’s test for equality of variances demonstrates a p-value of 0.05, 
therefore equal variances can be assumed between mean distraction and groups. A 
t-test for equality of means has a p-value of 0.95 indicating that there is no difference 
in mean distraction in both symptomatic and asymptomatic groups.  
 
Intragroup analysis 
 
Intragroup analysis for the mean therapeutic sEMG for symptomatic males is 3.91 μV 
and for symptomatic females 4.47 μV. Equal variances can be assumed between 
therapeutic sEMG and gender within the symptomatic group with a p-value of 0.52.. A 
t-test for equality of means has a p-value of 0.54 indicating that there is no statistical 
difference between mean sEMG and gender in the symptomatic group. The mean 
distraction distance for symptomatic males is 19.94 mm. Symptomatic females have 
a mean distraction value of 19.76 mm. Equality of variances demonstrates a p-value 
of 0.64, therefore equal variances can be assumed between distraction distance and 
gender. A t-test for equality of means has a p-value of 0.92 indicating that there is no 
statistical difference between gender and distraction distance in symptomatic patients. 
 
Intragroup analysis of the mean distraction distance for participants with acute pain is 
18.29 mm. Participants with chronic pain have a mean distraction value of 20.61 mm. 
A t-test for equality of means has a p-value of 0.26 indicating that there is no statistical 
difference between distraction distance and acute or chronic pain. 
 
Discussion 
 
Intergroup discussion of the mean sEMG value at rest 
 
A test for equality of variances indicates that equal variances cannot be assumed 
between resting sEMG and both symptomatic and asymptomatic groups. However, a 
test for equality of means indicate that there is no statistical difference between mean 
resting sEMG in both groups. 
Measurable sources of muscle tone include viscoelastic tone, physiological 
contracture, voluntary contraction and muscle spasm, which is defined as involuntary 
muscle contraction. The latter two need the motor unit action potentials to generate 
the tension. Surface electromyography can only record electrogenic contraction and 
not endogenous contraction of the contractile apparatus of skeletal muscle (Simonsa 
& Menseb, 1998). 
 
In this study, significant variability in the resting sEMG values is seen. Individual 
variability of multifidus activation has been noted in a study that examined the 
musculature of the lower back (Hungerford, 2003), and may play a role as a stabiliser 
rather than a prime mover, this may have influenced the sEMG results found here. 
Another reason for varied results could be due to involvement of crosstalk from other 
muscle groups, as seen in a study by Stokes (2003), where sEMG pads that were 
placed over the lumbar spine were more sensitive to the adjacent longissimus muscles 
than to the underlying multifidus muscles. The results may also reflect a lack of 
complete relaxation by the participant (Fyfer, 2010). Regardless of the cause, there is 
no statistical difference in mean sEMG value in both groups.  
 
Intergroup discussion of the mean therapeutic sEMG value 
 
A characteristic of muscle tone is that the tension produced by the muscle itself 
increases approximately in proportion to the amount of stretch that the muscle is put 
under (Lance & McLeod, 2013). This response is present whether the muscle is 
stretched abruptly or slowly (Herkowitz, 2004).  
The electromyogram is largely influenced by the muscular fibre action potential. MSCV 
is dependent on the following fibre characteristics (Karmen, 2010): 
 Intramuscular milieu – MFCV decreases with higher extracellular potassium 
concentrations and decreases with lower intracellular Ph.  
 Temperature – conduction velocity increases with increased muscle 
temperature. 
 Muscle fatigue – MFCV decreases as the muscle fatigues, mainly due to 
changes in Ph.  
The sEMG signal can also be influenced by external factors on its way from the 
muscle membrane to the electrode pad (Konrad, 2005):  
 Physiological cross-talk (Konrad, 2005).  
 If there is a change in the distance from the muscle belly to the electrode 
pad. An increased distance could decrease the sEMG amplitude. The same 
effect is noticed when external pressure is applied. Doctor hand placement 
was consistently over the L1 vertebral spinous process. 
 The selection and quality of electrodes may influence the sEMG baseline. 
A new set of pads was used on every subject to minimise this effect.  
Stimulation of the motion segment, i.e. the outer annulus of the disc and/or the 
zygapophyseal joints, causes activation of the paraspinal musculature. This occurs at 
multiple segments indicating a complex interaction (Sihvonen et al., 1991). The sEMG 
will record this activity. 
 
In a study to investigate if experimental muscle pain had an influence on the stretch 
reflex it was found that muscle pain increases the stretch reflex. It was noted that there 
is a link between muscle pain and muscle spindle sensitivity to stretch (Matre et al., 
1988). An increase in pain increased the muscle spindle sensitivity with earlier firing 
of the stretch reflex.  
 
Muscle receptors respond to the velocity and acceleration of movement as well as to 
the amount of length of stretch. The stretch reflex increases in proportion to the amount 
of stretch the muscle undergoes (Lance & McLeod, 2013). During this study, the 
stretch placed on the lumbar spine was stopped once sEMG activity reached 1-5 times 
that of the resting value. Based on the above, expected results if the stretch were to 
be continued, would be for the symptomatic group to have a higher sEMG reading 
than the asymptomatic group.  
 
Intergroup discussion of the mean therapeutic distraction distance 
 
The mean distraction values are based on the participant’s therapeutic sEMG rate. 
The more sensitive the participant is to stretch, the sooner they reach their sEMG 
value and the smaller their therapeutic distraction value has to be. Although only 
minimally, and with no statistical difference, a larger distraction distance was noted 
when the sEMG had no further increase. In the study by Matre (1988), torque was 
calculated during the stretch reflex in muscles symptomatic of pain. However, the 
degree of stretch remained constant throughout the study, but with increased stretch 
reflex readings. Although the mean distraction is similar in both groups, it can be 
assumed that there would be an increased sEMG in the symptomatic group. 
 
Intragroup analysis for the mean therapeutic sEMG for symptomatic patients 
 
As previously noted, pain increases the stretch reflex, and females display increased 
sensitivity to pain compared to males. We can therefore conclude that the stretch 
reflex would be greater in females than in males in the symptomatic group. Although 
there is no statistical difference in gender in this study, the mean value is higher in 
females and concludes correctly to the literature above.  
 
Intragroup analysis of the mean distraction distance for participants with acute 
pain 
 
Pain intensity is found to decrease and then stabilise as it enters chronicity (Bendayan 
et al., 2017). Several studies have shown a higher pain perception threshold or a lower 
pain tolerance in chronic pain subjects. The biomechanical model for chronic lower 
back pain argues that there is a difference in muscular activity, which can lead to 
further mechanical pain by irritation of paraspinal structures. Acute pain can be seen 
as a stressor in a stress-pain model having a greater response to pain stimulus in the 
paraspinal muscles. Muscle spasm is thought to increase during a pain-spasm-pain 
cycle (Madelon, 1990). 
Acute musculoskeletal pain lasts around 3 months before entering chronicity which 
can last from a period of months to years (Bendayan et al., 2017). This supports the 
finding that there were more subjects suffering from chronic pain than from acute pain 
in this study. 
 
It is necessary to characterise changes in back muscle function due to lower back 
pain. Muscle dysfunction can be characterized as an unusual pattern of muscle 
recruitment. In both acute and chronic lower back pain disorders, different recruitment 
patterns result in other muscles activating and contracting in an attempt to help with 
stabilisation. The substituted stabilisation muscles become atrophied when acute 
disorders become chronic (Danneels et al., 2002). In a study by Hides (1994) on acute 
lower back pain, she noted muscle wasting to be ipsilateral to the side of pain, and at 
a single vertebral level, suggesting that wasting was not due to generalized disuse 
atrophy nor a spinal reflex mechanism, but from a long-loop mechanism inhibiting the 
muscle to protect the damaged tissue. In a later study by Hides (2006), chronic lower 
back pain had a smaller multifidus cross section area than asymptomatic patients at 
the lower two vertebral levels only. A larger multifidus was found in males than in 
females at all vertebral levels, except for the L5 vertebral level.  
 
In a study comparing EMG activity of acute, chronic and healthy subjects, no statistical 
difference was found when examining static stabilization (Danneels et al., 2002). This 
may suggest why no statistical difference is found between acute and chronic 
distraction distances based on sEMG stretch reflex.  
 
Conclusion 
 
No statistical difference is found between the mean distraction and the groups as well 
as no statistical difference between gender and the groups. No statistical difference is 
further found between gender and chronic or acute lower back conditions with regards 
to distraction distance.  
Based on this study, the optimum therapeutic distance a flexion-distraction bed should 
be distracted is 19mm prior to flexion, for both asymptomatic and symptomatic 
patents. 
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100 WORD ABSTRACT 
 
Purpose: The study was based on putting an objective amount of distal distraction 
prior to flexion when using flexion-distraction manual therapy.  
 
Method: One hundred participants were recruited randomly and divided into 
symptomatic and asymptomatic groups. Each group underwent similar treatment 
protocols.  
 
Results: Mean distraction between groups shows to have no difference with a mean 
of 19,76 mm for the asymptomatic participants and a mean of 19,82 mm for the 
symptomatic participants 
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